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SUMMARY

This report covers activities performed at Kaman Aerospace Corporation in
two task areas. Task I consisted of trade studies to determine the best

state-of-the-art design of a composite blade for the OH-58C/A helicopter.
Task II covered the preliminary design and analysis of the selected con-

figuration.

The Task I trade study examines the characteristics of five distinct root-
end designs, two cross section variations and two tip configurations.
Several airfoils and planforms were examined in a performance study phase,
and at least 20 materials/fabrication combinations were investigated.
Fatigue life, damage tolerance, reliability and maintainability were deter-
mining factors in the study. Cost was of prime consideration, as well as
radar reflectivity. Using a ranking system, a best configuration was
selected for the preliminary design phase of Task II.

In Task II, the selected configuration, designated the K757 rotor blade, is
submitted to detailed analysis. Laminate stress analyses were completed
and a final adjustment of mass and stiffness distribution was made. Blade
first, second and third flapwise and chordwise natural frequencies repli-
cated those of the standard OH-58 blade within 8%. Load calculations were
in good agreement with observed OH-58 flight, but in some instances were
unconservative and replaced by extrapolated flight measured loadings for
the design analysis. The fatigue life was conservatively calculated to be
4703 hours. Performance analyses, reliability and maintainability analyses,
Tife cycle costs, radar reflectivity and ballistic survivability analyses
were completed in detail.

With the exception of radar signature, the selected K757 blade design was
shown to meet or exceed all desired objectives, including an increase in
polar moment of inertia for improved autorotation characteristics. Fig-
ure 1 presents data comparing the attributes of the K757 OH-58 composite
blade with the present OH-58 metal blade.

The configuration selected is a double tapered blade having a twelve degree
twist from tip to rotor mast station zero (0). Solidity is .0364 and a
VR-7 airfoil is used between station 36.5 and the tip. Materials selected
consist of fiber E- and S-glass, Thornel 300 carbon graphite and epoxy
molding compound. Other materials are cast steel and lead for ballast
weight and steel bushings, bolts and washers. Fabrication of the main

spar is by filament winding using the tip inertia ballast weight as a
built-in mandrel component. A carved Nomex-zore afterbody and a linear
filament-wound trailing edge piece and leading edge piece make up the blade
cross section. The blade tip cap is an integral part of the cast steel tip
ballast member. Figure 2 presents the root-end details.

The blade is retained within the yoke clevis by the present OH-58 main pin.
It is also restrained in the edgewise direction using the existing OH-58
latch mechanism. Rotor loads are transferred to the inboard all composite

prsTY
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reinforcement plates to be reacted at the oversize bushings and latch-
bearing pads. The filament-wound spar consists of optimized combinations
of fiber angles to reproduce J:sired stiffness and stress conditions. At
the reinforcement plates, cross-ply graphite material is finely inter-
spersed to impart the required shear, bearing and tensile properties. The
trailing edge spline transfers shear and bending to the spar bearing plate
by means of a series of interconnecting doublers. Chordwise balance
weights, compatible with the present balance weights, are shown. The spar
twist is reversed inboard of station 36.5 (17.2% tiade radius) to develop a
maximum beamwise cross section for structural purposes. The reverse twist
is facilitated by high spar taper and a separate inboard mandrel span-
segment.

Figure 3 shows the details of the outer region and tip of the K757 blade.

A cast-to-shape tip inertia weight serves as the mandrel for the tip
winding. This inertia weight transfers centrifugal loads to the fiberglass
spar through a molded rubber blanket. Blade tuning is facilitated by the
lead tuning mass. The tip cap cavity is integral with the tip ballast
weight and allows the incorporation of a variabie lead weight package. The
afterbody tip cap is a shaped compression molded closure. The complete
blade assembly is designed to be co-cured to insure high quality, lowest
cost and maximum structural efficiency.
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PREFACE

Composite materials and the associated fabrication techniques are resulting
in a new generation of superior helicopter rotor blades. Kaman Aerospace
Corporation, at the forefront of this technology, has produced the K747
composite blade for the AH-1 helicopter. This blade has demonstrated
increased performance, superior flying qualities, substantially improved
damage tolerance, long life, and increased reliability and maintainability.
With this very substantial background experience, Kaman herein defines a
similar state-of-the-art blade for the OH-58C/A helicopter. In this
endeavor, significant contributions were made by the following Kaman per-
sonnel: Messrs. R. E. Collins, R. Jones, J. E. Miller, G. Haire, H. C.
Freeman, M. White, H. E. Showalter, E. Janssen, M. Bowes, J. Fitzpatrick
and P. F. Maloney.

We would also like to acknowledge the assistance of Mr. H. K. Reddick of
the Applied Technology Laboratory in the performance of this program.
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TECHNICAL APPROACH

Composite materials are inherently well-suited to the requirements of heli- 1
copter blades for several reasons. Preferred orientation can be provided
by a number of manufacturing processes which can, in most cases, use a wide
range of fibers and resin systems. Blade geometry can be variable,
approaching optimum aerodynamic shapes, with only minor constraints imposed
by most manufacturing processes. Several different material choices are |
available to provide efficient structural/dynamic tailoring. The best of 3
{ these materials have high fatigue strength, low crack propagation rates, | 4
| and favorable strength/weight and stiffness/weight ratios. Ballistic dam- [
i age is of less concern with helicopter blades made of composites. Exper- | 3
1 ience has shown that post-impact lives can be substantially more than those
of metallic configurations. These materials are extremely durable and have
high repairability which leads to low life-cycle costs.

S A 4 e s S

The Kaman K747 composite blade for the AH-1 helicopter represents a break-
through in low cost fabrication technology. This is the first production
composite blade in the Army system. Knowledge gained in this program has
been put to direct use in the OH-58 composite blade program. The OH-58
blade is designed as a state-of-the-art blade. In this context, it is the
result of practical confrontations with present limitations in each of the
required disciplines. Kaman has used validated computer design tools and
techniques to examine an array of concepts and evolve one objective configu-
ration. This has been fortified with practical experience gained in our
many composite programs.

G . o st G P IS -

The OH-58 composite blade program was performed in two distinct phases.
Task I was an objective trade study in which the primary disciplines were
called on to evaluate numerous configurations in order to conclude with
one best blade design. The major analysis activity in this stage is in
aerodynamics/performance and in structures/dynamics. In Task II, consid-
erable detailed structural and dynamics analysis was performed for final
configuration detail. The life-cycle cost analysis was of particular
interest, since this is the area of major concern. The following pages
report all the activities of this program. The inclusion of voluminous
computer printout data has been resisted; however, this information is on
file at Kaman if a further review is desired.

Trade Study Methodology

Trade analyses were performed evaluating merit based on the following prime
attributes, listed in order of assigned importance:

o Life-cycle cost
. e Performance

é e Reliability and maintainability

23
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e Radar reflectivity
e Ballistic survivability

Each of these items is individually assessed and a grade is assigned or
calculated. To reflect this order of importance, a graduated maximum score
for each was assigned as shown below. Since operational costs were con-
sidered under the Reliability and Maintainability section, only acquisition
costs were considered under the life-cycle cost evaluation at this time.

Item Maximum Score
Cost 10
Performance 9
Reliability and maintainability 8
Radar reflectivity 7

Ballistic survivability 6
40

To determine a grade for cost, the DTUPC objective of $3400 per blade was
used as a basis:

3400
Configuration Cost

x 10 = Grade (10 maximum)

To determine a grade for performance, the minimum objective hover perfor-
mance increase of 6% was used as a basis:

6

T Performance Tncrease X 7 = Grade (9 maximum)

A reliability and maintainability grade was obtained based on a combined
ranking of sub-tier items multiplied by 8.

For radar reflectivity, it was considered that any of the configurations
envisioned would have radar signatures similar to those observed on the
K747 AH-1 composite blade, and that treatments could nearly equalize these.
Therefore, there is no anticipated distinction among any of the composite
configurations. An arbitrary grade of 7 was assigned to all, although any

Tower number could have been selected without affecting the overall results.

The ballistic survivability grade was determined using generally accepted
techniques to calculate a relative PK for each of the final candidates.

This technique analyzes the blade as a series of span and chordwise sec-
tions, each of which has an exclusive PK determined for it. From this, an
overall PK can be calcuiated.
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The results were proportioned to the best design and multiplied by six:

" il R s

(100 - PK) (Best)

100 = P x 6 = Grade

K

e

A11 grades were thereafter summed and compared to each other to determine
the best of the configurations. !

The trade study commenced with configuration analyses to determine the '
aerodynamic geometry requirements and the structural/fabrication con-
straints. Analysis was performed initially to define desired planform,
airfoil geometry and twist geometry. A structural/fabrication survey was
then used to determine the fabrication scheme(s) and resultant structural
properties of the configurations meeting the aerodynamic requirements.

This led to the segregation of the blade structure into three span-elements;
namely, root end, clean section and tip. This is illustrated in the con-
figuration equation, Figure 4. The numbers assigned to each element are
used to define the configuration; thus, an AH-1 type root end, (:) , With a
filament-wound spar/Nomex afterbody and spline, (f) , and a cast steel plus
molded tip, @ , is designated configuration 112.

The root end elements appear in Figure 5, blade clean section variations in
Figures 6 and 7, and the two tip variations in Figure 8. Two detailed ver-
sions of pultruded afterbodies appear in Figures 9 and 10.

ATthough 20 combinations are possible here, it is clear that clean section
and tip configuration ideas are not mutually independent. For example,

the molded tip configuration was a spin-off requirement of the pultruded
afterbody and, because of the increased complexity, weight and cost, is not
considered a logical part of clean section #1 having a Nomex afterbody.

d Also, the Nomex afterbody tip #1 does not allow through-bagging of the pul-
truded afterbody #2 during the cure cycle to support and pressurize the 1
surface, and, therefore, is not a logical mate. Additionally, the prelimi-
nary stress analyses indicated that bond 1ine shear stresses were much too
high in the root end race-track #4, and fiber tension stresses too high for
the race-track-plus-drag-brace #5. These were eliminated as structuraliy
unsound. The screening progress is illustrated in Figure 11. Six configu-
E rations remain for consideration: 111, 211, 311, 122, 222 and 322.

Performance Trade-Off Analysis

! of either a new helicopter or the modification of an existing one is perfor-
mance. For this investigation, the criteria defining the impact of the new
rotor blade design on helicopter performance capabilities specify that a 6%
reduction in total power required for hover under a given set of conditions
is desired, but that it must be achieved without compromise of forward
flight performance.

1
Background. One of the most important considerations affecting the design I
|
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Figure 5. Root end configuration.
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The total power required to hover is determined by the sum of three compo-
nents: profile power, induced power and losses. The profile and induced
contributions stem from the main rotor. The third component, the losses,
includes the power required to drive the tail rotor and any accessory
devices such as electrical generators or hydraulic pumps, and the power
required to overcome losses in the power transmission system. Because this
latter component is usually small and essentially fixed for a given air-
craft, the performance analysis is focused on reduction of the profile and
induced power requirements.

In hover, the induced power represents the major portion of the total. It
is minimized by maintaining low disc loading and a downwash distribution as
nearly uniform as possible. For this analysis, the rotor diameter is fixed,
so any induced power changes must come from modification of the downwash
distribution. Profile power is strictly dependent upon the aerodynamic
characteristics of the airfoil section utilized in the blade construction.

Rotor Blade Section Selection. The OH-58C standard rotor blade has an
undesignated airfoil section. As shown in Figure 12, the portion forward
of the 35% chord station closely approximates the British NPL 9615 section.
The contour aft of the 35% chord station is essentially a pair of non-
parallel straight lines meeting at a point slightly aft of the trailing
edge. The departure from the NPL 9615 section is illustrated by the shaded
areas in Figure 12. Note that the NPL 9615 is a derivative of.the NACA
0012 having a 6.2% chord extension and a drooped leading edge. The
extended chord reduces the thickness ratio from 12% to 11.3%, which is the
same as the thickness ratio of the standard OH-58 blade section.

Calculated hover performance of the OH-58C with the standard rotor geo-
metric configuration, but with blade section characteristics of the NACA
0012 airfoil supplied by the customer, is designated as the baseline
against which performance of the modified configuratio